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Abstract 
One of the main problems of solar power tower plants with molten salt as heat transfer fluid is the reliability and lifetime 
estimation of central receivers. The receivers must withstand high working temperatures, molten salt corrosion and important 
solar flux transients that lead to thermal stresses and fatigue. Therefore, it is necessary optimize the design of these receivers. 
The aim of this work is to study the thermal behavior of a new design of central receiver. This new external receiver is composed 
by several vertical panels formed by bayonet tubes. Each bayonet tube presents an inner tube and an outer tube concentric to the 
internal one. Both are joined in one side by a bayonet end-cap. The heat transfer fluid flows through the inner tube and the 
annular gap between the two tubes. In addition, the outer tube will be coated in its external surface by a material of high 
absorptivity of the solar radiation.  
In absence of experimental data of the receivers both concepts of external receiver, traditional and bayonet, have been 
characterized using simplified numerical simulations. The results obtained have been the salt, the film and the wall temperature 
evolutions and the thermal efficiencies. The advantages of the bayonet receiver over the traditional tubular receiver are: soften 
wall and film temperatures, lower thermal stresses due to a more homogeneous wall temperature, and lower corrosion rate, that 
allows use more economical materials to built the receiver tubes or even reduce the receiver surface increasing the thermal 
efficiency. 
 
© 2013 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
In a molten salt solar power tower plant (SPT), the receivers are a crucial part of the plant. They cost around the 
15-20% of the total capital investment cost of a solar plant [1-3] and they are subjected to extreme working 
conditions, having uncertain lifetime. During operation of the receiver the main problems are tube corrosion caused 
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by the high corrosive effect of the molten salt at high temperature; cracks in the welded zones and problems related 
to material resistance due to thermal stresses and fatigue; tube overheating; and salt freezing during unsteady states 
(passage of clouds).  
In the last years, many efforts have been focused on the receiver design optimization in order to reduce heat 
losses and early failure of the tubes, as well as to increase the energy conversion efficiency of the receiver. Lata et 
al. [4] focused their research on the optimization of the diameter and wall thickness of the receiver tubes. In 
addition, they analyzed different tube materials as nickel base alloys 625LCF, 625, 230, 617LCF and the austenitic 
stainless steel 800H to establish which one could fulfill better the solar power plant requirements. On the contrary, 
other authors tried modifying the heat transfer fluid (HTF); Jianfeng et al. [5] made a numerical analysis using 
HIATEC, an eutectic mixture of inorganic salts of NaNO3-KNO3-NaNO2. The latter salt was also used by Yang et 
al. [6] in their experiments. Yu-ting [7] studied numerically and experimentally the behavior of LiNO3 and Singer et 
al. [3] proposed as HTF: NaNO3-KNO3, Na, Bi-Pb and LiCl-KCl. Cui et al. [8] even tested solid-liquid phase 
change materials with high melting point. A further step was taken by other authors that presented novel designs for 
molten salt solar receivers. It is the case of Yang et al. [6], who tested a solar receiver formed by spiral tubes and 
Garbrecht et al. [9], who proposed an innovative design composed by many hexagonal pyramid shaped elements 
instead of circular pipes. 
In the present work a new design of molten salt solar receiver based on bayonet tubes is proposed in order to 
improve its thermal and mechanical behavior under operating conditions with respect to the traditional external 
receivers. The main goal of this study is to develop a simplified thermal model for the bayonet receiver to compare 
the results with the traditional receiver’s data, obtained from a model previously developed [10]. Both models take 
into account axial and circumferential variations of the heat flux absorbed by the tubes. Then, the models are able to 
predict the heat fluxes involved in the receiver, the temperature of the molten salt, the temperature of the tube walls, 
and the thermal efficiency of the external receiver.  
2. Receiver configuration 
The traditional molten salt central receiver is configured as a 360º cylindrical receiver, formed by a variable 
number of vertical blocks of tubes, called panels (see Fig. 1.a). Each panel includes an inlet header, the inlet nozzles, 
the tubes, the outlet nozzles and an outlet header. The tubes of each panel are individually supported at their top and 
periodically guided over their entire length by tube clips, allowing unrestricted downward thermal expansion [11]. 
In order to reduce the heat losses in the back side of the tubes there is a refractory wall thermally insulated, which is 
built in mineral wool jacketed by a high reflectivity material (White Pyromark).  
Receiver’s tubes must be built with special materials that support both, high temperatures and salt corrosion. In 
this study Incoloy 800H coated with a high solar radiation absorptivity material (Black Pyromark) has been used. In 
the thermal model, the density and specific heat of the tube material are considered to be constant with the 
temperature, and only the variations of the thermal conductivity variations with temperature are taken into account. 
The HTF is molten salt 60% KNO3 – 40% NaNO3, whose temperature variations of the density, dynamic viscosity, 
specific heat, and thermal conductivity are taken into account in the models, using Zavoico’s data [12].  
The inlet flow, at the lowest temperature of the salt, ௦ܶ௔௟௧ሺݖ ൌ Ͳሻ, enters flowing in parallel through every tube 
located on the two northern panels of the receiver, where the concentrated solar flux is maximum. The salt is then 
divided in two parallel flow paths (north-east-south and north-west-south); one or more crossovers in the flow paths 
are provided to keep the energy capture of the two flows paths in balance over the complete range of operating 
conditions. To pass from one panel to the next the HTF flows as a serpentine until arriving at the southern panel of 
the receiver, where the molten salt exits at maximum temperature. 
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On the other hand, the new proposed receiver design consists of panels formed by bayonet tubes instead of 
circular pipes, Fig. 1.b. Each bayonet pipe is formed by two concentric tubes joined by a bayonet end-cap in one of 
its ends, Fig. 1.c [13]. The tube with higher diameter will be covered at its external wall with a common coating 
(Black Pyromark). The tube material is the same as before, although the inner tube could be made of a basic 
stainless steel due to its working temperatures are lower.  
 
(a) (b)       (c) 
Fig. 1. (a) Scheme of a traditional external receiver. (b) Scheme of a bayonet receiver. (c) Scheme of one panel of a bayonet receiver. 1. Inner 
tube; 2. Outer tube; 3. Coating; 4. Inlet fluid; 5. Outlet fluid; 6. Bayonet end-cap; 7. Inlet header; 8. Outlet header. 
Regarding operation mode bayonet receivers have two possible flow directions. The cold fluid can be pumped 
into the inner tube and then the hot fluid flows out through the annular gap (inner bayonet); or else the cold fluid can 
enter by the annular gap and exits hotter by the inner tube (outer bayonet). Both configurations will be analyzed in 
the results section. Since in a bayonet tube the inlet and the outlet zones are in the same extreme of the tube, the 
headers will be at the bottom to allow an easy drainage, see Fig. 1.c. In addition, at the top of the bayonet tubes, a 
venting valve could be placed to avoid gas concentration. Apart from these peculiarities bayonet receiver’s 
configuration is exactly the same that the traditional external receiver. 
Table 1. Design parameters. 
Parameter Value Parameter Value 
Receiver height,  ܪ [m] 10.5 Wind velocity,  ݒ௪௜௡ௗ [m/s] 0 
Receiver diameter, ܦ [m] 8.4 Ambient Pressure, ௔ܲ௠௕ [bar] 1 
Number of flow paths, ௙ܰ௣ 2 Ambient temperature, ௔ܶ௠௕ [°C] 30 
Total number of panels, ௣ܰ 18 Relative humidity, ߶ [%] 60 
Number of tubes per panel, ௧ܰ 22 Global absorptivity of the tubes, ߙ௜ 0.93 
Total mass flow by the panels, ሶ݉ ௦௔௟௧ [kg/s]  290 Tube material emissivity, ߝ௧ 0.84 
External diameter of the outer tube, ܦ௢ [mm] 60.3 Sky emissivity, ߝ௦௞௬ሺ ௔ܶ௠௕ሻ 0.895 
Wall thickness of tubes, ݐ݄ [mm] 1.65 Refractory wall emissivity, ߝ௡ାଵ 0.2 
Tube pitch, ܤ [mm] 2 Ground emissivity, ߝ௚௥ 0.955 
External diameter of the inner tube (for 
bayonet receivers) , ݀௢ [mm] 52 
Temperature of the salt at inlet of 
the receiver, ௦ܶ௔௟௧ሺݖ ൌ Ͳሻ [ºC] 290 
 
The geometries of the external receivers studied has been selected according to the operating conditions of the 
receivers which require: high external tube diameters to reduce pressure drop, the number of tubes, the welded 
zones, and the risk of failure; tubes of small wall thickness to improve the heat transfer in the tubes; moderate 
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number of panels (panel width) to avoid high thermal stresses in the headers, non uniform mass flow distribution in 
the tubes and elevated pressure drop; and large distance between tubes to avoid problems due to lateral expansions 
of the tubes. The basic geometry of the two receivers analyzed in this work has been defined in Table 1. Note that 
both receivers, one bayonet and one traditional, have the same external diameter, ܦ௢. In addition, the diameter of the 
internal tube in the bayonet receiver (݀௢ ) is based on a previous analysis [14], where the optimal receiver 
configuration was selected paying attention to the thermal stresses, the pressure drop and the maximum film 
temperature, which is responsible for the tube corrosion and for the salt decomposition in the tubes. Besides, it is 
assumed same mass flow per every tube of the receiver, then the tube mass flow can be defined as ( ሶ݉ ௧ ൌ
ሶ݉ ௦௔௟௧Ȁሺ ௙ܰ௣ ௧ܰሻ). 
3. Thermal model 
In this section a simplified thermal model of the new design proposed for a molten salt central receiver is 
introduced. This model has been applied to the two possible operation modes of the bayonet receiver named 
hereafter, inner and outer bayonet. It is a two-dimensional model. Then each bayonet tube of the receiver is 
discretized in axial and circumferential direction, to take into account as far as possible the actual value of the tube 
external wall temperature and not the mean wall temperature of the whole tube; this discretization allows to reduce 
the error committed in the heat losses calculation and then in the heat flux absorbed by the tubes. In addition, the 
model assumes constant temperature at each discretized cell of tube wall.  
To solve the problem, the receiver geometry has been simplified to an element formed by two semi-tubes placed 
face to face, a rear surface thermally isolated (refractory wall) and an imaginary front surface which contain a 
punctual source supposed emitter of the reflected radiation from the heliostat field and through which the energy 
reflected to the sky is lost (see Fig. 2.(a)). The thermal power reflected by the heliostats is directed towards the 
refractory wall and the different tube sections. Equally, the refractory wall irradiates to the sky and to the tube 
sections, whereas the tubes irradiate to the three surfaces: the sky, the refractory wall and the other tube sections. 
The physical model and the different heat fluxes at the tube surfaces are shown in Fig. 2.(a). The relative importance 
of each surface is quantified by the view factors calculated using the Crossed-Strings Method of Modest [15]. 
(a) (b) 
 Fig. 2.(a) Calculus element scheme.( b) Radiation map model. 
The thermal power reflected by the heliostats is simulated with a radiation map model. This model is a two-
dimensional normal distribution with average and maximum heat flux of 0.8 and 1.2 MW/m2, respectively. The map 
is symmetric with respect to the north-south axis; which means that only one flow path of the receiver has been 
simulated. Since the plant is located in the north hemisphere, the highest heat flux is received at the north face of the 
receiver and the lowest at the south side, see Fig. 2.(b).  
Another hypothesis assumed by the simplified model is to consider all the surfaces as grey surfaces; that is, 
diffuse emitters, absorbers and reflectors. This hypothesis simplifies the analysis since it allows calculating the 
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radiative heat transfer by balancing the outgoing radiation travelling directly from surface to surface. This balance 
can be written by means of the Net Radiation Method by Modest [15], see Equation (1).  
n n
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  (1) 
In Equation (1) subscript m goes from 0 to n+1, where 1 to n denote the tube circular-sections in which the tubes 
have been divided. The refractory wall and the imaginary surface, corresponding to the environment, are represented 
by the subscripts n+1 and 0, respectively, as it can be observed in Fig. 2.a. δ corresponds to the Kronecker Delta, F 
represents the view factors between the surfaces, ߙ and ߝ are the absorptivity and emissivity coefficients and V  is 
the Stefan-Boltzmann constant. 
To solve Equation (1) it is necessary to know the effective outer wall temperature of the tubes for radiation ( ௝ܶ, 
j=1,...,n), which has been previously estimated; the surroundings temperature ( ଴ܶ ), which has been calculated 
according to Berger et al. [16] as    4 4 40 sky sky gr amb sky grT ε T ε T / ε ε   ; the heat flux reflected by the heliostats, 
(ݍ̶௛) that is obtained from the radiation map shown in Fig. 2.b and the conductive heat losses through the refractory 
wall (ݍ̶௡ାଵ) that has been neglected due to it is an adiabatic surface. Therefore, the variables that must be calculated 
are the heat flux losses to the ambient due to radiation and reflection (ݍ̶଴), the heat flux absorbed by the tubes 
without taking into account convective heat losses (ݍ̶௝, j=1,...,n) and the refractory wall temperature ( ௡ܶାଵ).  
Once the thermal power transmitted to the tubes is calculated, the heat losses by convection have to be included in 
the model. Only natural convection heat losses have been considered in this work, hence the heat losses due to 
forced convection by the wind have been neglected. The natural convective coefficient ( ത݄௡௖ ) is based on the Nusselt 
number whose characteristic length is the receiver height, ܰݑு ൌ ͲǤͲͻͺܩݎுଵȀଷ൫ തܶ௪௔௟௟ǡ௖ ଴ܶΤ ൯, where തܶ௪௔௟௟ǡ௖ represents 
the mean value of the external wall temperature of all the tube sections involved in convection, see Equation (2). 
Finally, the total convective heat losses (ܳ௖ǡ௟ or ݍ̶௖ǡ௟  ) are calculated with the Newton's law of cooling, taking into 
account that the convective heat losses are only calculated on the tube sections exposed to the ambient, Equation (3) 
/nc H airh Nu k H   (2) 
 nc,l j wall,e,j 0j 1
2
Q z T Tn nch p  '¦   (3) 
where, ݇௔௜௥  is the air conductive coefficient from Lienhard [17], ݌௝ is the perimeter of each tube section and ௪ܶ௔௟௟ǡ௘ǡ௝ 
corresponds to the external tube wall temperature of each tube section. 
In addition, the conductive heat losses through the tube wall in axial (ο ௭ܶȀܪ) and circumferential (ο ఏܶȀ݌) 
directions have been neglected compared to the amount of heat absorbed in radial direction (ο ௥ܶȀݐ݄), which is at 
least one magnitude order higher than the others (under steady solar radiation). 
The energy balance in the bayonet tubes is more complex than for a basic circular tube since there are two flow 
paths. In this case, the heat flux absorbed by the fluid in the annulus, ୣ, and the one absorbed by the inner fluid, ୧ 
have to be taken into account. The problem has been solved by an iterative process considering the two operating 
modes of a bayonet receiver: inner bayonet configuration (cold salt enters the inner tube) and outer bayonet 
configuration (cold salt enters the outer tube).   
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To solve the constant temperature problem the external wall temperature of each bayonet tube section, ௪ܶ௔௟௟ǡ௘ǡ௝, is 
initially estimated. As a first approximation the effective wall temperature for radiation at the tube walls,  ௝ܶ , is 
preliminary considered equal to the external wall temperature, and then the receiver heat losses can be calculated as 
ݍ̶௟௢௦௦ ൌ ݍ̶଴ ൅ ݍ̶௖௟, Equations (1, 3). Subtracting these heat losses to the heat flux reflected by the heliostat,ݍ̶௛, it is 
possible to obtain the heat flux absorbed by the tubes, ݍ̶௧ǡ௝. Note that the difference between ݍ̶௝ from Equation (1), 
and ݍ̶௧ǡ௝ is that the first one does not take into account the convective heat losses. Then, the thermal balance that 
must fulfill the inner bayonet tube is given by Equation (4). Where ௜ܷ  and ௘ܷ  are the global heat transfer 
coefficients, the first one goes from the salt that flows through the inner tube to the salt that flows by the annulus and 
the second one goes from the salt that flows through the annulus to the external wall of the outer tube; both can be 
assumed constant in the whole tube perimeter. Subscripts ݁ and ݅ refer to the annulus and the inner paths of the salt, 
തܶ௪௔௟௟  is the average temperature of the external tube wall, ௦ܶ௔௟௧  is the bulk temperature of the salt and ܥ௣ represents 
the specific heat of the salt at bulk temperature. 
   
 
t , j h, j loss, j e,j i
salt ,e
wall,ee t p,e e e salt ,e i i salt ,e salt ,i
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  (4) 
To calculate the salt temperature evolution laws in the annulus and inner tube we have solved Equation (4) 
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  (6) 
where ୨and ɉ୨  are the eigenvalues and eigenvectors of the ODE (4). And superscript ݅݊  and ݋ݑݐ  represent the 
temperature of the salt at the inlet and the outlet of each axial step. Starting at the inlet salt temperature from the 
northern inlet collector, ௦ܶ௔௟௧ǡ௜ሺݖ ൌ Ͳሻ, the simulations will progress forward by means of finite difference method, 
to finish at the southern side where the salt exits to the receiver at maximum temperature. Since in the bayonet 
receivers the salt does not flow as a serpentine, it is necessary to include a new iterative loop estimating the outlet 
salt temperature of each bayonet tube. The iteration converges when in the bayonet end-cap the salt temperature in 
the annulus is equal to the salt temperature in the inner tube, ௦ܶ௔௟௧ǡ௜ሺܪሻ ؠ ௦ܶ௔௟௧ǡ௘ሺܪሻ. Once the salt temperature 
converges in each tube it is necessary to probe if the wall temperature is equal to the estimated, else the wall 
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temperature has to be recalculated as ௪ܶ௔௟௟ǡ௘ǡ௝ ൌ ௤೟ǡೕ௎೐ ൅ തܶ௦௔௟௧ǡ௘  and the process must be repeated. To calculate the 







 ³   (7) 
Finally, the temperature of the salt in boundary layer of the external tube or the film temperature ( ௙ܶ௜௟௠) has also 
been calculated, see Equation (8). It is the salt temperature of a thin layer close to the external tube inner wall. ௙ܶ௜௟௠ 
is approximated by the tube inner wall temperature and it is the highest temperature of the HTF in the receiver. This 
temperature is responsible for HTF stability. Furthermore, at this temperature the HTF corrodes tube material; a 
small increase of ௙ܶ௜௟௠ above a certain limit can produce a sharp rise of the tube corrosion rate and stress corrosion 
cracking (SCC). In the case of Incoloy 800H this limit is 650 ºC.  
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The outer bayonet the problem is exactly the same that for the inner bayonet, except there is a change in the sign 
of the energy balance, due to the variation of the salt flow direction. The salt temperature evolutions are given by: 
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4. Results 
In this section, the thermal results obtained for the two bayonet receiver configurations, using the model 
explained above, have been presented and compared with the results for a traditional external receiver obtained in a 
previous work [10]. To do this the external geometry of the receivers and the radiation map used are kept.  
In Fig. 3 it is possible to observe the maximum wall temperature, the maximum film temperature and the salt 
temperature evolutions along one flow path for the three different receiver’s configurations studied, that means the 
temperature evolution along the representative tube of each panel (9 tubes). Fig. 3.(a) shows the maximum wall 
temperature of the receiver. In the three cases it is possible to observe a parabolic evolution of the temperature in 
each tube, which means that the maximum wall temperature is near to the middle point of the tubes (Ȁʹ). 
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Furthermore, the panel subjected to the most unfavorable conditions is the fifth panel, which is located on the 
east/west side of the receivers. Paying attention to the differences between traditional receiver and bayonet 
receivers, the most important result is a reduction of the maximum wall temperature around to 100 ºC using bayonet 
receivers instead of traditional one. On the other hand, it is possible to observe similar results in the inner and outer 
bayonet receiver. Both reach approximately the same maximum temperature although these values are located on 
different heights of the tubes; the maximum value for inner bayonet is below the tube’s centre while in the outer 
bayonet is above this point. 
 
(a) (b) (c) 
Fig. 3. (a) Maximum wall temperature evolution. (b) Maximum salt temperature evolution. (c) Salt temperature evolution. The traditional 
external receiver is represented in blue, the inner bayonet in black and the outer bayonet in red.  
In Fig. 3.(b) can be seen the maximum film temperature evolution. It is so similar to the wall temperature 
evolution, but the values are slightly lower. In the case of the traditional external receiver, the maximum film 
temperature reaches values higher than 650 ºC, which means a corrosion rate so elevated for Incoloy 800H and then 
a early failure of the tubes. Nevertheless, in the case of bayonet tubes the maximum film temperature is lower than 
600 ºC, that reduces the corrosion rate of the tubes or even allow to use cheaper materials as alloy 625 or stainless 
steel 316 reducing the cost of the receivers. On the other hand, it could be possible a reduction of the receiver size, 
thus increasing film temperature but allowing to reach higher thermal efficiencies in the receiver. 
Fig. 3.(c) represents the salt temperature evolution along the receivers. For the traditional receiver a continuous 
line evolves from 290 ºC to 565 ºC. In bayonet receivers there are two flow paths for the molten salt. Therefore Fig. 
3.c shows two different salt temperatures for each bayoneted configuration mode: the salt by the inner tube and by 
the annulus. In both bayonet receivers the salt temperature goes from 290 ºC to 570 ºC. The difference of 5 ºC in the 
salt temperature with respect to the traditional receiver is related to Fig. 3.(a); a reduction in the wall temperature 
means lower heat losses and then there is an increment of the receiver thermal efficiency and the outlet salt 
temperature is higher too. Moreover, the heliostat field area could be diminished.  
The axial and circumferential external wall temperature distributions have been represented in Fig. 4. Since the 
wall temperature distribution is similar for every panel of a receiver, only the temperature of a tube in the 
representative panel 5 has been chosen due to it is location at the middle of the receiver, and also because the wall 
temperature is maximal. 
Fig. 4.(a) shows the axial evolution of the wall temperature at five angles. It can be observed maximum 
differences between the traditional and bayonet receivers in the middle of the tubes where the temperatures are the 
highest. In the same way it can be observed that the inner bayonet follows a different pattern compared to the outer 
bayonet and traditional receiver; the inner bayonet reaches the maximum temperature underneath of the tube respect 
to the inner/outer zone and it decreases slowly since then. Fig. 4.(b) represents the circumferential evolution of the 
wall temperature for five heights of the representative tube of the fifth panel. Larger differences can be observed at 
180º that is in the side of the tube exposed to the external ambient where the temperatures are higher. In addition, 
temperatures of the tubes are symmetric respect to 180º. Overall, observing Fig. 4 it can be concluded that the 
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temperature in bayonet receivers is more homogenous in axial and circumferential directions than in a traditional 
receiver, and hence lower thermal stresses can be found in bayonet receivers. 
 
     (a)                                                                                                                 (b) 
Fig. 4. (a) Axial distribution of the external wall temperature in the fifth panel. (b) Circumferential distribution of the external wall temperature in 
the fifth panel.  The colors indicate the type of receiver: blue for traditional receiver, black for inner bayonet and red for outer bayonet. And the 
symbols indicate the external wall temperature for different axial and circumferential positions in the representative tube of the fifth panel. 
The main results of this study have been included in Table 2. The thermal efficiency of the receivers, which is 
defined as the heat flux absorbed by the tubes divided by the total heat flux reflected by the heliostat, has also been 
included in Table 2. At the same time it has been calculated the maximum thermal stresses in the receiver and the 
total pressure drop.  
Table 2. Results comparison. 
 Tube Inner bayonet Outer bayonet 
ୱୟ୪୲ሺሻ [ºC] 565 570 570.1 
୵ୟ୪୪ǡୣሺሻ [ºC] 723.3 623.2 624 
୤୧୪୫ሺሻ [ºC] 678.6 594.3 595.4 
തܶ௪௔௟௟ǡ௘ [ºC] 508.3 483.8 483.8 
୵ୟ୪୪ǡୣሺሻǦ୵ୟ୪୪ǡୣሺሻ [ºC] 432 326.3 333.2 
ɂ୲୦ [ %] 74.8 76.15 76.15 
ɐሺሻȀ [%] 32.15 29.43 29.43 
ο [bar] 0.245 9.72 9.72 
 
While for a conventional tube receiver the maximum film temperature is 678 ºC and the maximum wall 
temperature 723 ºC, a value that increases quickly the corrosion rate and reduce the lifetime of the receiver, in a 
bayonet receiver these values are 594 ºC and 623 ºC, respectively. The maximum thermal stresses are lower in a 
bayonet receiver too, decreasing from 32% of the ultimate tensile strength (UTS) to 29.5%. However, the pressure 
drop in bayonet receiver is higher, increasing from 0.24 bars in a traditional receiver to 9.7 bars in the new design. 
However, this value it is not so significant considering that to fulfill film temperature restrictions it is necessary a 
traditional receiver with smaller tube diameters, that means higher pressure drop that those showed in Table 2.  
5. Conclusions 
A new design of external receiver has been proposed in order to improve the thermal and mechanical behavior of 
the receivers during operating conditions. This new receiver is formed by bayonet tubes. In order to accomplish that 
goal, a simplified thermal model has been developed. The model takes into account the circumferential and axial 
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variations of the external tube wall temperature and the results have been compared with the values calculated 
previously for a traditional receiver. The same external geometry and ambient conditions have been used for both 
cases. 
The bayonet receivers include two operation modes depending on the flow direction: inner bayonet and outer 
bayonet. Both configurations give similar results, finding a small difference in the evolution of the wall and film 
temperature because the maximum values are located at different heights; and in the salt temperatures due to in the 
annulus the temperature increment is always higher. 
Comparing the bayonet receiver to the traditional receiver the maximum film has been reduced in 84 ºC and the 
maximum wall temperature has fallen 100º C. Consequently, the corrosion rate and the salt decomposition ratio of 
the molten salt have decreased. Lower wall temperatures reduce the heat losses of the receivers and then their 
thermal efficiency increases 2%. On the other hand, lower film temperatures allow to use cheaper materials on the 
tubes or to reduce the size of the receivers that affect positively in the thermal efficiency of the receivers and then it 
could be possible to reduce the heliostat field. At the same time, the thermal stresses are lower due to a more 
homogeneous wall temperature, reducing the early failure of the receivers due to fatigue. 
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